Two commercial methods (Immophase, Corning and FT4, Lepetit) for the measurement of free thyroxine (FT4) in serum have been experimentally evaluated. Ease of handling and rapidity were satisfactory. Precision profiles showed intra-assay coefficients of variation not exceeding 5 % over the entire measurement range (0-70 pmol/l) for both methods. Interassay coefficients of variation were below 8 %. Assay results of both methods correlated well with those obtained with a symmetric dialysis method, with correlation coefficients of 0·95 for the Immophase and 0·93 for the Lepetit method and slopes not significantly different from unity. Comparison with this reference method did not give any indication of serious methodological error in either of the kits in spite of theoretical doubts with regard to one of them.
A series of 133 serum samples was coded and distributed among the four participating laboratories. In order to provide a wide range of combinations of free and total T4 values, this series included samples from hyper-and hypothyroid patients, from euthyroid subjects with altered serum T4 binding capacity (pregnancy, oral contraceptives, and thyroxine binding globulin (TBG) deficiency), and from patients with non-thyroidal illness. Some of the samples were included more than once to serve as blind controls. Hence the actual number of different 108 It is widely accepted that the plasma level of free, non-protein-bound thyroxine (FT4) more closely reflects the thyrometabolic status of the individual than the total concentration of thyroxine (TT4). Whereas rapid and accurate TT4 radioimmunoassays are widely available nowadays, the estimation of the extremely small proportion of thyroxine that circulates as the free hormone has been confined to research laboratories. This is because the techniques, which are based mainly on equilibrium dialysis' or ultrafiltration! of serum to which tracer T4 has been added, are tedious and time-consuming. To a large extent this is caused by the requirement of extensive tracer purification. " A more recent approach, in which Ff4 (and free triiodothyronine (FT3) ) are radioimmunoassayed directly in equilibrium dialysates of serum.f obviates the need for such purification, but instead ultrasensitive radioimmunoassays are required.
The concept of the free thyroxine index (FTI) was introduced in the sixties" as an alternative to the FT4 assay. FTI is obtained by multiplication of TT4 by the value of the T3 resin-uptake test, a parameter which is, although indirectly, related to the percentage FT4. Although this empirical FTI proved to be of greater diagnostic efficiency than TT4 estimations, the need for widely available assays for the actual FT4 concentration has always been felt.
Recently, commercial methods have become available, which do not rely on equilibrium dialysis and which are relatively easy to perform. Some of these have been discussed in an extensive review of free thyroid hormone assays by Ekins." In the present report, two of these commercial methods (lmmophase FT4, Corning and FT4/FT3, Lepetit) are experimentally evaluated. Precision is assessed by the usual criteria, and assay results for each method are compared with those obtained with a noncommercial dialysis method recently developed by one of us.? 8 Preliminary results were reported elsewhere.v-'' A clinical evaluation, which includes comparison with FTI results, will be presented in a second article.
Material and methods samples was 128. Of this group, 118 samples were assayed by both Corning and Lepetit methods, 79 by dialysis and Corning, and 69 by dialysis and Lepetit assays. Care was taken to avoid frequent freezing and thawing. The samples were stored at -20 0C. Although no systematic study was undertaken of the stability of Fr4 levels during storage and freezing and thawing, no evidence was apparent of any adverse effects of freezing samples up to three times.
FT4 METHODS
The following FT4 methods have been compared: (a) The commercial method of Corning (Immophase Fr4, Corning Glass Works, Medfield, MA 02052, USA). This is a kinetic two-tube method, in which the fraction of T4 tracer added to sample or standard that becomes attached to immobilised T4 antibody during a 3D-minute incubation period is assessed. This fraction (bound over total counts in A tube, A/T ratio) is multiplied by the TI4 of the same sample or standard, obtained by a radioimmunoassay run parallel in the B tubes, using the same T4 antibody. The product (A/T) x TI4 is read on the standard curve. This calculation method is a modification according to Fullarton et aFI of the original procedure of Odstrchel et al. 12 The assays were carried out in two laboratories at Utrecht "and Hoogeveen. All samples were assayed in duplicate. (b) The commercial method of Lepetit (Lepetit and Dow Diagnostic Products, Via R. Lepetit 8, Milano, Italy), which measures T4 by radioimmunoassay in the methanol eluate of a small Sephadex LH-20 column, to which the sample had been applied. According to the originator's theoretical analysis.P the amount of T4 appearing in the eluate is directly proportional to the FT4 in the serum sample. This assay was carried out in triplicate in the laboratory at Vught. (c) Symmetric dialysis, a dialysis rate method. The principle," some applications.P and a detailed evaluation" have been described before. The method is based on assessment of the rate at which tracer T4 migrates from a serum sample in one dialysis compartment through a dialysis membrane into the other compartment which contains an equal amount of the same test sample. The fraction of T4 that is in unbound form can be calculated from the tracer dialysis rate, which is obtained directly from a measurement of tracer distribution at a certain point in time. Fr4 is obtained by multiplication of the free T4 fraction by TT4 as found by means of radioimmunoassay. Although this method is less suited to large-scale routine application, it is much faster and easier to perform than other dialysis methods. To a large extent this is by virtue of the use of Dianorm 109 Teflon cells and rotating device (Diachema AG. Ruschlikon, Switzerland). The method was found to give results similar to those of the Ekins method, " 15 and in this study it is used as the reference method. The assays for this comparative study were performed in duplicate in the originator's laboratory at Nijrnegen, Both Corning and Lepetit assays were processed according to the manufacturer's instructions. and between Corning and Lepetit could be detected, as the confidence intervals for slope and y-intercept included 1 and 0, respectively, in both cases. With a slope not differing significantly from unity but a statistically highly significant y-intercept, the presence of a systematic difference between Corning anddialysis measurement levels is demonstrated. Its nature was further investigated by regression analysis on samples with levels below 10 pmol/l, It was found that the slope remained the same, but that the intercept was reduced from 3·0 to 1'8 pmol/l, which shows that the systematic difference must be located mainly in the range of normal and high values. The two commercial methods correlate well with the dialysis method (correlation coefficients are about 0'94) and, although somewhat less well, with each other (r=O' 91).
With regard to the absolute measurement levels, no systematic difference between Lepetit and dialysis, PRECISION 
Within assay
The mean coefficients of variation for different ranges of Ff4 concentrations were calculated from duplicate (Corning and dialysis methods) or triplicate (Lepetit) determinations in individual serum samples. The Ff4 range investigated was between 10 and 65 pmol/I. No relation was found between the mean variation coefficient and Ff4 level over the entire range. The mean variation coefficient, calculated from all duplicate determinations with Ff4 levels between 5 and 15 prnol/l, 15 and 25 pmol/l, etc, varied between 2 and 5 % for any of the three methods.
Between assay
Between-assay precision was estimated from the variation of the means of duplicates (Corning and dialysis) or triplicates (Lepetit) of two control samples with mean Ff4 levels of 19 and 37 pmol/l, which were run in different assay series. For all three methods the variation coefficient was below 8 %.
Blind controls
Additional information on reproducibility was obtained from the results of three serum samples which were included more than once under different code numbers. The results are shown in Table 2 .
INTERLABORATORY COMPARISON OF

CORNING FT4
The Corning Ff4 method was used in two laboratories, Hoogeveen and Utrecht. Very good agreement between the results of the two laboratories was obtained. The correlation coefficient was 0,98, the slope of the regression curve was 1· 06, and the y-intercept was 1 prnol/l (see also Table 2 ). Good agreement was found between Corning Tf4 and the Tf4 RIA used with the symmetric dialysis method over a range of 0--300 nmol/l, Analysing the results of 96 samples, a correlation coefficient of 0·96 was found. The slope of the regression curve was 0·97 ± 0·030 (not significantly different from 1) and the y-intercept was 4 ± 4·4 nmol/l (not significantly different from 0).
PRACTICABILITY OF COMMERCIAL KITS
Corning's Immophase FT4 is easy to handle and rapid. However, due to the fact that a time-dependent process is involved, strict adherence to the assay protocol is imperative, which limits the number of tubes that can be processed in one series. Best results are obtained when two technicians cooperate at the critical step, the addition of immobilised antibody. With this method information on both Ff4 and TT4 is obtained. The Lepetit kit does not give total hormone levels. Instead Ff3 can be measured simultaneously with Ff4 in the LH-20 eluate. The column separation and evaporation steps make this method more time-consuming than the Corning assay, but it can quite well be utilised as a routine method. In the meantime a time-saving modification of the Lepetit kit has been issued.P
Discussion
Until recently no methods for the determination of FT4 in serum had been described that are convenient and suitable for routine operation on a large scale. The methods that have been described can be roughly divided into two groups: (1) The indirect assays: the free fraction of T4 is assayed by means of equilibrium dialysis of serum to which tracer T4 had been added. The FT4 is then obtained by multiplication of the free T4 fraction by Tf4. The best known assays of this group are according to Sterling and Brenner! and Surks and Oppenheimer. 19 (2) The direct assays, introduced in 1975 by Ekins and Ellis: 4 the free T4 (and/or T3) is radioimmunoassayed directly in an equilibrium dialysate of serum. If carried out properly, both types of assays have a theoretical validity which is limited only by the dilution inherent in each equilibrium dialysis process, as obviously it is impossible to dialyse against a zero volume of buffer. Direct assay in ultrafiltrates of undiluted serum could solve this final problem. Since under proper conditions a moderate degree of dilution presumably has a negligible effect on Ff4, 8 19 dialysis methods may be used as reference methods.
For the present report a reference method of the type of the Ekins assay would have been the better choice. As this method is not available in the Netherlands, the symmetric dialysis assay according to Ross? 8 was considered as a suitable alternative. This method belongs to the group of indirect assays, because it yields the free T4 fraction, which still has to be multiplied by TT4. It is a kinetic method, in that the rate at which tracer T4 migrates from the serum sample through a dialysis membrane into the opposite compartment containing the same sample serves as a measure for the free T4 fraction. The relation between the tracer dialysis rate and the free T4 fraction was mathematically defined and has been verified experimentally. Compared to the indirect equilibrium dialysis methods it is free from tracer artefacts and from effects due to unequal composition of dialysate and dialysand.? 8 It gives FT4 results comparable to those of the Ekins' method." The newer types of FT4 assays that have become commercially available should be calibrated against dialysis methods. Indeed, with most commercial kits, including those not evaluated in this report, standards that have been calibrated by equilibrium dialysis are supplied.
Additionally, a firm theoretical foundation must be required of these methods, as the use of calibrated standards does not exclude the possibility of serious systematic errors.
For the Lepetit method extensive theoretical and practical validation was presented by Romelli et alP They showed that the amount of T4 appearing in the Sephadex LH-20 methanol eluate was strictly proportional to the original FT4 of the sample equilibrated previously with the column material. As Pennisi et a/. 20 pointed out, a close analogy exists between serum equilibration with the LH-20 matrix and equilibrium dialysis. During incubation, the same amount of T4 enters the Sephadex internal volume as would have entered a 58 ml dialysis buffer compartment. It can be calculated" that, even in an extreme case of TBG absence with a TT4 of 20 nmol/l and a FT4 of 10 pmol/l, the FT4 is underestimated by only 6·7 %, a factor that can easily be corrected if TT4 is also known. In sera with a higher TI4, the decrease in measured FT4 as compared with its original value will be negligible.
A complete theoretical validation is not available for Coming's FT4. It has been shown'" that the FT4 is proportional to the first member of an integrated second-order equation describing the time curve of T4 binding to solid phase antibody. In the instructions supplied with the kit, however, the amount ofT4 in the sample that becomes attached to the solid-phase antibody during a 30-minute incubation (A-counts over total counts TI4) is Ross, Visser, der Kinderen, Tertoolen, and Thijssen taken as proportional to the FT4. This, in our opinion, is correct if: (a) initial rate conditions prevail, that is, the amount of T4 bound is still proportional to the initial concentration of FT4, which only holds if not more than about 10%of the total T4 is bound; (b) antibody is present in excess; (c) the free T4 fraction does not change when some of the total T4 is stripped from the sample by the antibody.
The first condition (a) is clearly not fulfilled, because for normal samples about 20 % of tracer becomes antibody-bound, even up to 40 %in the case oflowTBG.
It is also improbable that condition (b) is fulfilled, as it can be inferred from the total T4 standard curve (B tubes), shown in the accompanying booklet, that the antibody must be almost saturated in the presence of the two highest standards, while more than half of this saturating amount becomes bound in the A tubes of the corresponding standards. Moreover, the FT4 standard curve is clearly not linear in the higher range ofFT4.
Condition (c) probably is fulfilled, since it can be calculated from models of T4 binding in serum that the free fraction is not much affected by a decrease in total T4 of 20 %in the presence of TBG, while in the absence of TBG the free fraction is independent of total T4. It must be concluded that, for the above reasons, the possibility arises that samples with identical FT4, but differing TI4 because of differences in T4 binding, do not coincide on the standard curve. A simulation experiment, based on a realistic model of the reaction of the serum sample with the antibody, and experimental verification will be needed to eliminate such suspicions. We agree with Witherspoon et a/. 22 that the Coming FT4 is in fact a free T4 index, since it contains too many uncertain variables, as is also the case, though more pronounced, with FTIs based on T3 uptake tests.
In spite of the above, Corning FT4 correlates well with the two other methods and even better with the dialysis method than with the Lepetit method. The significant intercept of the regression curve with the dialysis method that we found cannot be accounted for by the difference in TI4 methodology. The presence of an intercept does not prove that one method has a constant bias compared with the other. It may mean that the actual regression curve in fact is not linear but may go through the origin. In our case, this is supported by the observation that the intercept becomes smaller and non-significant when regression analysis is carried out on low FT4 samples only.
A more likely explanation is the following: the standards provided with the Coming kit were calibrated according to Braverman et al. 23 by the equilibrium dialysis technique described by Sterling and Hegedus,24 a technique which yields generally higher values than the direct radioimmunoassay of Ekins and Ellis." Since both the symmetric dialysis method and the Lepetit method were found to compare closely with the latter the difference may very well be due to the standards employed. As such this is oflesser importance, since in practice a normal range is always employed that corresponds to the method used.
